INTRODUCTION
IT has often been said, and quite rightly, that progress in science consists not -so much of finding the right answers to certain definite and sensible questions, as of deciding what questions are sensible, anid of making them definite. Even a small knowledge of the history of science soon shows that the service rendered by many famous discoverers lay primarily in that they realized for the first time the meaninglessness of certain questions and the full force of others. Getting an answer was -quite another matter; it might even have to be left to posterity. And so we find, as reflective persons engaged in biological studies, that we pass from appearance to -appearance, only rarely coming across problems to which the word real can justifiably be applied. In our early days we worry about the distinction between form and function, not seeing that the distinction collapses as soon as we begin to think of organisms four-dimensionally, in terms of time. Or we prowl around and -around the so-called psycho-physical problem, failing to see what an absurd mixture of metaphysics and physiology it is, eepecially if, as is usually the case, the metaphysics is wholly archaic. I also have lived in these Arcadias, for to such a name their naivet, entitles them, if not their intellectual pleasure. But later on we come to the real and fundamental problem of biology, the essential nature of organic form, how it is produced and regulated, how it differs from the forms of order observable in non-living systems, how it is upheld, and in what manner it gives place to chaos again.
It is here that we have to face what is one of the most basic natural facts we know of, namely, the existence in the universe of successive scales of complexity and organization, dialectical levels, if you will. Dialectical Materialism, Hegelian logic, Holism and Emergent evolutionism, are all concerned with this remarkable phenomenon, though not all of their pronouncements upon the subject are equally illuminating. Unfortunately for us, the subject is by no means of purely philosophical interest, for if we take an organism belonging to one of the higher levels ,(such as a rabbit or an archbishop), we are only too well aware that we make progress in our understanding of it, not by confining our studies to one level in it, *such as the psychological or the chemical, but by attacking its analysis at all levels, and then putting the results together in imaginative synthesis. And 
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trouble comes, for this union of the sciences is much easier to talk about than to, carry out in practice. It is, indeed, not too much to say that there has long been a gulf fixed between the morphological and biological investigators on the one hand, and those who apply biochemical and biophysical methods on the other. For the unification of our science, it is essential that this gulf should be bridged. It is not, I am afraid, entirely explicable on the ground that the morphologist is dealing with experimental entities clumped together in large masses (the " complex components " of Roux) while the biochemist is dealing with relatively much simpler systems. It also arises from the fact that we are still so fantastically ignorant of the fundamental architecture of morphological manifestations. Here no doubt the daily increasing knowledge of protein and carbohydrate structure will be of profound significance. But it is not in that direction that the present discussion is to be orientated; I wish rather to describe some of the new advances which have been made in a realm of cardinal importance, namely, the relation between chemical substances and morphological form, in particular the morphogenetic hormones which we know largely by the name of Organizers.
CHEMICAL ASPECTS OF MORPHOGENETIC DETERMINATION
Embryonic Induction It will be necessary first to recall to mind some of the concepts without which experimental embryology and morphology cannot be usefully considered. In doing. so, I will make use of illustrations which are as new and fresh as possible. In the first place, we know that as an egg develops, the fates or destinies of its various parts are fixed in a successive order. This means, of course, in the classical terminology, that the prospective potentiality of a given part is much wider than its. prospective significance. What it can do if it must, is a great deal more protean than what it actually will do if it is left to itself. It has a versatility which in the absence of experimental interference is never shown to the world. But this versatility is not conserved throughout development. On the contrary, a restrictive, rigidifying process takes place, which allots to each part its destiny, and after which no alteration is possible, whatever new environment experimental interference may provide. This process is known as Determination. It occurs at different times in development with respect to different organs and groups of cells. The determination of the main axis of a vertebrate embryo takes place in connexion with the gastrulation-process, whereby the germ-layers of classical embryology are formed. Careful accounts of all these processes will be found in the books of Huxley and de Beer [1] , Dalcq [21, Diirken [3] and Waddington [4] . Fig . 1 shows the familiar process of gastrulation in the frog's egg. At the point of the blastopore, an invagination begins, and the material so entering the interior grows forward under the ectoderm until it reaches the position of the future head, and forms the completed roof of the archenteron, or primitive gut. We know now that the determination of the overlying ectoderm to form neural folds, then neural plate and neural tube, together with the notochord and somites from the mesoderm, is effected by an influence on the part of the invaginated material, an influence which first becomes effective as the material passes in through the dorsal lip of the blastopore. The determination of other important structures. takes place at later points in development, such as the lens of the eye by the eye-cup when the latter grows out from the brain towards the ectoderm. The dorsal lip of the blastopore is called the organizer.
The whole process was first elucidated by the fundamental experiment of H. Spemann and H. Mangold, who in 1924 transplanted the dorsal lip of the blastopore from one embryo into the blastoccele cavity of another. Here it came to. underlie the reactive ventral ectoderm, upon which it proceeded to act as it would have done if it had remained in its normal position, forming an embryonic axis with notochord and somites. There were then two embryos being formed from the one egg, and in favourable cases the embryo produced by the graft continued its development so as to attain eyes, ears, brain vesicles, muscles, nerves, and all kinds of organs. The whole process is known as an Induction, and the secondary embryo is said to be induced on the primary one (see fig. 2 ).
There can be no doubt that embryonic induction is a complex phenomenon. Already it has been necessary to distinguish between two fundamental aspects of it, or processes in it. On the one hand, we have the determination that an embryonic axis shall be developed, and on the other hand, we have the determination of the regional character of that axis. By the term "regional character" I mean the position of any point on the axis relative to the qualitatively different ends, i.e. the cephalic and caudal extremities. The axis is not, in fact, similar to an endless sausage-it begins with a tail and it ends with a head. Now by vital staining methods it has been possible to find out what should be the regional character of neural folds formed along the whole length of the embryo; to the left of the drawing the secondary neural rudiment is seen, about 44 hours after implantation of the organizer. (82) Side view of the same embryo; secondary rudiment seen from above. (83) Side view of the same embryo about five days after the operation. Secondary embryonic rudiment seen from above, with its tail-bud, neural tube, somites, and ear-vesicle. (84) Transverse section through the embryo shown in (83) at the level of the primary pronephros; to the left and above are the primary axial organs, to the right are the secondary. Pr. med., primary neural tube. Sec. med., secondary neuiral tube. L. sec. aud., left secondary auditory vesicle.
Pc., pericardium. (After Spemann and Mangold.) is performed by the graft and the host working together, whether in a co-operative or antagonistic manner. There are, furthermore, reasons for believing that whereas evocation can be carried out by dead organizers or by extracts of organizers, individuation is a process which needs the presence of the living cells of the organizer region.
In all these considerations, we must bear in mind that the state of the reacting tissue is just as important as the nature of the stimulus provided. Determination, and hence, induction, can only occur if the ectoderm is in a reactive state; if the ectoderm is too young during the period of application of the stimulus, no effect will be produced; while if the ectoderm has already been determined to be something else, no inducing stimulus can alter or reverse that determination. This state of reactivity is known as Competence (Waddington [8] ). The roof of the blastoccele of a blastula is not yet competent to react to the stimulus of an organizer. On the other hand, the cells of the neural folds were once competent, but are so no longer. In the very interesting case of exo-gastrulation, studied by Holtfreter, competence disappears after a certain time without any determination having taken place. If amphibian embryos are caused to exo-gastrulate, so that the mesoderm moves out and away from the ectodermal ball instead of entering it, no neural axis is ever produced, since the ectoderm is never subjected to the organizer stimulus. The ectoderm shrinks to a corrugated brown mass of cells, and in time ceases to be able to respond to an organizer, even if one is implanted I shall say more later about exo-gastrulation. It is always interesting to be able to express the facts of experimental morphology in a quantitative form (cf. the results of Harrison and Twitty graphically plotted in a recent review [9] ). The loss of competence for the formation of gills has been studied by Ichikawa [10] in such a way as to permit of graphical formulation. Gill-forming competence is at first present all over the surface of the neurula, except on the neural plate itself, but later on it gradually disappears from behind forward, concentrating finally in the gifl area. This was ascertained by transplanting pieces from various areas to the gill area and observing whether or not gills were formed. By plotting the percentage number of positive cases against the time (or rather, the stage of morphological development) we obtain a picture showing the decline of gill-forming competence ( fig. 3 ).
How delicate is the balance between competence and induction in normal development is well shown by the recent experiments of Waddington [11] , in which the situation in the flank of the embryo was investigated. The just-formed sideplate mesoderm from the gastrula in the medium-sized yolk-plug stage can induce 1 See on p. 70, and Fig. 36. the formation of a secondary neural plate when implanted into the blastoccele cavity of a young gastrula. It therefore possesses inductive power. Conversely, the dorsal lip of a young gastrula, substituted for the side-plate mesoderm just mentioned, evocates a neural plate on the flank of the embryo. Therefore the flank ectoderm is competent. Yet in normal development we know that a neural plate does not appear on both sides of the embryo as well as on its dorsal surface. This remarkable paradoxical result may be explained by assuming a quantitative diminution in inductive power and in competence, so that the side-plate mesoderm evocates less strongly than the dorsal lip, and the lateral ectoderm reacts less readily than the young gastrula ectoderm. But there may also be an active suppression {f the inductive power of the side-plate mesoderm by the rest of the mesoderm, and this would be an instance of the kind of effect covered by the term Individuation.
The Hierarchy of Organizers
Primary determination, as has been said, consists of the laying down of the main embryonic axis, i.e. the "crystallizing out" of neural tube, notochord, and somites.
But embryologists recognize that there are many further steps to be taken before anything resembling the completed animal is reached. The organizer of the dorsal lip of the blastopore is spokeu of as an organizer of the first grade, but there are also to be considered organizers of second, third, or fourth grades. The classical example of a second-grade organizer is that of the induction of the lens of the eye from ectoderm acted upon by the optic cups outgrowing from the brain vesicles. The details of this remarkable history may be found in the review of 0. Mangold [12] . Then further on still, as late as the metamorphosis out of the tadpole stage, there are cases of dependent differentiation which we can call of the third or fourth grade. Helff has shown [13] that the tympanic membrane is formed by the action of the tympanic annular cartilage upon the skin (see fig. 4 ). The to be common to all the cartilage in the body, for any piece of cartilage will induce a tympanic membrane; but in normal development the tympanic cartilage is the only one not shielded by muscle. The competence is also widespread, for a tympanic cartilage implanted under any piece of skin will induce a tympanic membrane in it. Again, the yellow fibrous part of the lamina propria of the tympanic membrane itself appears to depend for its origin on the presence of the tip of the columella. And the opercular perforation is connected either with a secretion from the cutaneous glands of the developing limb, or with the presence of degenerating gill tissue.
There is, then, a whole hierarchy of organizers or morphogenetic hormones functioning in development. The distinction between the different grades was originally made on the basis that a second-grade organizer was one which only came into play upon material which had already suffered the influence of a firstgrade organizer, and so on down the series. But we shall have to revise our conceptions regarding this as the result of recent ingenious experiments of Waddington [14] . In order to find whether the competence for lens-formation depends upon the main mesodermal organizer centre of the gastrula or not, he isolated sheets of presumptive neural plate and skin from the young gastrula, and then when they had--rolled up into hollow balls, implanted into them eye-cups derived from order embryos. The second-grade organizer was thus asked to act upon material that had never been subjected to the action of the first-grade organizer. Fig. 5 shows a typical result. The eye-cup has induced a normal lens OCT.-PATH. 2 * in the overlying ectoderm. And this happened under all similar conditions except where the ectoderm formed a compact mass. We conclude, therefore, that so long as the ectoderm is present in the form of a thin sheet, it can respond to a secondgrade organizer even if it has never responded to a first-grade one. All this, however, does not affect the firmly established conclusion that one organizer normally conles into play after another, and, of course, if no neural plate had been induced to begin with, there would never have been any eye-cup.
The Chemical Nature of Induction I must now pass to the part which biochemistry is playing in the analysis of these phenomena. The story began, as all such stories must, in the inquiry whether or not the integrity of the living cells of the dorsal lip of the blastopore was requisite for the inductive effect. Marx was the first to show [15] that normal respiratory FIG. 6.-Induction of secondary embryo by crushed organizer (Kriimer), primary embryo above, secondary embryo below.
Oc. pr., host's optic cups. Uw. v., anterior somites. Mr. sec., induced neural tube. Uw. sec., induced somites. Ch. sec., induced notochord. metabolism could at least be excluded, since induction would still occur after the narcotization of the dorsal lip of the blastopore with trichlorbutyl alcohol. But Spemann in 1931 [16] went much further when he showed that crushing the cells had no deleterious effect. Some of his material was later worked over by Kramer [17] , and Fi'ig. 6 shows a beautiful secondary embryo produced by implanting crushed organizer material. Holtfreter [18] in the following year completed the demonstration by showing that the organizer, or, as it would be more correct to say, the evocator, is not destroyed by boiling. Coagulated dead pieces'of dorsal lip will induce secondary neural axes just as well as they did when living. Holtfreter's experiments were of particular interest, for besides the classical technique of implanting the material to be tested into the blastoccele cavity of a young gastrula, he also used the methods of surrounding the piece of dead material by two layers or sheets of competent ectoderm, and of laying pieces of competent ectoderm upon a flat piece of dead organizer region. Figs. 7, 8, and 9 illustrate the consistency of the results he obtained. FIG. 7 .-Implantation of a dead organiizer-centre inito a mass of isolated niewt ectoderm (Holtfreter) . Onl the left, before sectioining, the induiced pigment cells are seen; onl the right the graft (Impl.) induces two neural tuibes (Neuir.). Five days after explantation.
FIG. 8.-Induction by contact. On the left, a spherical mass of isolated newt ectoderm is laid on a piece of dead organizer; after 40 hours neural folds can be seen. On the right, section after five days shows an induced neural tube within a hollow ball of skin (Holtfreter) .
A little digression may be made at this point to emphasize the interest which attaches to this induction of neural structures, not only in the intact egg, but also in spherical masses of ectoderm lying in contact with the source of the evocator. We have here a new " Gestalt', a new arrangement of animal form, brought about at will in the plastic embryonic tissue by the experimenter. In none of these experiments, however, did any regional differentiation appear, so that the effect of the evocator acting from the dead inductor could be described as
.114 c II r.. producing so many length units of uniform neural tube in the material at its disposal. In Cambridge butter has always been sold by the yard, but Berlin-Dahlein has the honour of having discovered how to turn out neural tube at so much the millimetre.
It is certain, then, that the primary morphogenetic stimulus of development is independent of the life of the cell. in just the same way as the adrenalin of the suprarenal gland or the hormone of any other endocrine organ is separable from the life of the glands'. But not until recently has the converse question been asked, namely, wbat degree of integrity must be present in the reacting tissue? Here, of course, there can be no question of destroying the living cells, since the reaction is obviously dependent upon their activity, but normally they are stuck together in a definite sheet, pigmented on the outward surface, and probably covered with a cuticle which makes them more permeable from within than from witbout. Would induction still occur if these normal relations were interfered with ? The question has recently received an affirmative answer in the work of Umanski [20] , who FIG. 9.-Induction by implantation of dead organizer into the biastoccele cavity (Holtfreter). W. herz., host's heart. Gehirn, induced brain. Nase, induced olfactory groove. ind. Bal., induced balancer. Front. ep., induced frontal glands. succeeded in breaking up competent ectoderm into its constituent cells with a hairioop -without injuring more than a few of them. Into the mass so formed, he implanted a piece of living dorsal lip, with the result that in many cases neural and chordal structures were produced. From his descriptioin, the histological changes were more marked and normal than the morphological ones. This is an indication that the immediate effect of the evocator is upon the cell-structure producing a histological change, and that the morphologic-al changes then follow.
-So-far, -events had given every promise of a fairly straightforward state of affairs which, give'n'time', -wo-uld 'de'velop alo'ng pr'edict'abl'e linies.' 'But Holtfreter [18] 'went on to make the remarkable discovery that parts of the egg which do not possess inductive power in the living condition, acquire it after being boiled. The ventral presumptive-epidermis of the gastrula, or the ventral epidermis of the neurula, could thus, once dead, call forth as strong inductions as had previously only been obtainable by living organizers. Even the fat white -yolky cells of the endoderm would actively induce after being killed by boiling, and so would the fertilized egg and the egg not yet shed from the ovary. It is at once evident that in normal development the evocator exists all over the egg, but in a masked or inactivated state. Only in the dorsal lip of the blastopore is it normally set free, and only in the invaginating roof of the archenteron does it exercise its profound effect upon the competent ectoderm (the presumptive neural plate) waiting for it. And straightway the means by which it is set free acquires the greatest theoretical importance, for it shows the way in which the most fundamental morphological interactions may be bound up with correctly running metabolic processes. But there is still another point which must be emphasized here. Presumptive ventral epidermis contains the evocator in a masked condition, but another name for presumptive ventral -epidermis is competent ectoderm, and it is precisely such parts of the egg that we are bound to use as reactants for the biological test of inductive capacity. The seriousness of this fact will become clearer when the progress of the chemical work has been described a little further. The initial step was taken in the finding that cell-free extracts of neurula would induce neural tubes when implanted into other embryos (Needham, Waddington and Needham [711; Spemann, Fischer and Wehmeier [211). The next step consisted in grinding neurulh with anhydrous sodium sulphate and extracting the mass with ether and petrol-ether in a micro-Soxhlet apparatus ( fig. 10 ). These ether extracts were also active (Needham, Waddington and Needham [7] ). Then came the discovery of Holtfreter [22] that the evocator was not confined to the developing egg, but that all adult tissues of all phyla indiscriminately, would, if implanted into the blastoccele cavity, induce a secondary embryo. Fig. 11 gives an example of these results. Of course, in the adult nothing ever happens as the result of this, for no competence is present. We might summarize the situation as follows: In the greater part of the embryo-Competence and Masked Evocator; in the dorsal lip of the blastopore and the dorsal ectoderm-Competence and Active Evocator; in the tissues of the adult-No Competence and Active Evocator. The delightful finding has recently been made by Waddington and Wolsky [23] that even the ccelenterate, Hydra viridis, which never possesses anything approaching a nerve-cord, can, when implanted into the amphibian egg, induce a secondary embryo. They conclude that a new step in evolution may involve the introduction not of a new stimulating substance, but rather of a new reaction to a substance already present. All this is perhaps parenthetical, for the biochemical importance of Holtfreter's discovery lay in the fact that it threw open large sources for the evocator.
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FIG. I1.-Induction of naewt secondary embryo by implantationl of heart tissue of mouse (Holtfreter) . Host neural tube above, induced brain below.
sek. Darm., induced intestine. Impi., implant.
Mammalian liver proved to be a very suitable source. The active substance -was traced into the unsaponifiable and digitonin-precipitable fraction (Waddington, Needham, Nowi6'ski, and Lemberg [24] ), thus givinig strong support to the "View that the evocator is a sterol-like compound. If this were so, the primary organizer function of embryonic development would go to join that extraordinoary series of biological reactions connected with the cyclo-penteno-phenanthrene ring systemwe need mention only the anti-rachitic substances, the long-known animal and plant sterols with their surface properties, the cestrogenic substances, the carcinogenic substances, the male and female sex-hormones, the saponins, and the cardiac glucosides. For further discussion of them, reference may be made to the reviews of Windaus [25] and of Dodds [26] . The suggested relation of the organizer to the sterol group was strongly reinforced by the success of Waddington and Needham [27] in obtaining well-formed induced neural tubes by the implantation of some of the wstrogenic hydrocarbons synthesized by Cook, notably 1, 9 dimethylphenanthrene, and 9, 10 dihydroxy, 9, 10 dihydro, 9, 10 dibutyl, 1, 2, 5, 6 dibenzanthracene. One such experiment is illustrated in Fig. 12 . Work along this direction is still in progress, aided considerably by the large-scale fractionation of the hydrocarbons of pig liver (successive crystallizations, chromatographic analysis and distillation) carried out by Channon, Devine, and Loach [281.
Meanwhile, other lines of research had been proceeding. Fischer and
Wehmeier [291 found that if they prepared crude glycogen by the classical method of potash digestion from mammalian liver, they could obtain inductions on implanting it underneath competent ectoderm. Similarly, Barth [30] was able to produce beautiful inductions of secondary nervous systems by implanting crude kephalin from mammalian brain. In both cases it turned out that the implanted material was almost certainly accompanied by small amounts of active material of sterol-like nature, since an ethereal extract of crude glycogen prepared from mammalian liver is very active (Waddington, Needham, Nowiniski, and Lemberg [24] ), while after saponification and destruction of the kephalin, the activity of that preparation still persists (Waddington, Needham, Nowin'ski, Lemberg, and Cohen [31] ). But these facts do not affect the interest of the findings of Fischer and Wehmeier on glycogen -as will be seen, they provide what may be an important clue regarding the nature of the inactive masking complex from which the evocator is normally set free in the dorsal lip of the blastopore.
More perplexing are the results of Fischer and Wehmeier [321 with thymonucleic acid and adenylic acid, and of Fischer, Wehmeier, Lehmann, Juhling, and Hultzsch [33] with oleic and linolenic acids. All these substances are now stated to produce inductions, and although no photographs have yet been published in substantiation of the claim, we must nevertheless take it at its face value and try to interpret it. In the opinion of Fischer and his collaborators, induction is brought about by the stimulus of a large number of acid substances, owing their stimulating power to their acidity. In this concept there is some obscurity, since the buffering power of the tissues would be expected to neutralize acid ions. But in any case it is clear that we have to deal with very complex phenomena, involving, unfortunately, one fundamental methodological difficulty.
The difficulty may be stated in this way. We have already seen that the presumptive epidermis which contains the masked evocator, and the competent ectoderm which reacts to the stimulus of an artificially supplied evocator, are one and the same tissue. Thus competence to form histologically neural tissue and a morphologically recognizable neural tube cannot be separated from the existence of a masked evocator. Free evocator can exist without competence, as in adult tissues, but the opposite condition has not yet been discovered. It is therefore formally impossible to maintain, in any case where a given substance is used as the successful stimulus for an induction, that this substance stands in close chemical relation to the substance normally at work in the dorsal lip of the blastopore, for it can always be held that the substance tested simply unmasked or activated the natural evocator already present in the competent tissue. Analogous difficulties seem to be not unknown in other branches of biology, for pharmacologists, according to Ing [341,
seek to account for the parasympathetic action of pilocarpine by supposing that it stimulates cells which usually secrete acetylcholine, to do so. Or again, the sympathomimetic effect of tyramine and ephedrine is said to be due to the stimulation of the suprarenal gland by these drugs to produce adrenalin. The application of oleic acid, therefore, to the competent ectoderm, would simply be a more gentle way of setting free the masked evocator than boiling the tissue or killing it in some other way.
There is one way out of the dilemma, however, namely a close attention to the question of the minimal effective dose. We can probably accept the principle that, other things being equal, the larger the necessary dose, the more damage will be done to the tissue, and the more likely it will be that the natural evocator will be unmasked; whereas the smaller the necessary dose, the nearer the substance probably stands in chemical constitution to the evocator itself. If the effective substances are considered in this way, it is soon found that while the dosage of glycogen or kephalin required to produce an effect has been enormous, that of oleic acid or thymonucleic acid has been very large, and that of the ether-soluble sterolcontaining fractions has been exceedingly small. Thus the active ethereal extract of glycogen already mentioned was implanted at the strength of under 0 01 mgm. per c.c. of implantation material (gelatin or egg-albumin or fat), while glycogen has been used at about 200 mgm. per c.c. and thymonucleic acid much stronger still. The higher liquid fatty acids were used at a strength of 50 mgm. per c.c. Of course the actual amount of active substance received by each egg and effecting the induction cannot be more than of the order of a very few 'y, since each egg weighs only about 5 mgm. wet weight, and the amount implanted is small in relation to the volume of the whole egg (Waddington, Needham, and Brachet [351) .
Unfortunately, the force of arguments about dosage has recently been somewhat weakened by the remarkable results of the plant physiologists who have investigated the hormone, auxin, which causes growth by the stretching of the cellulose cell-walls. Auxin, as isolated from the higher plants, is a cyclo-pentane derivative, the five-membered ring of which has one double bond and three branched side-chains. Its most interesting relative is the constituent of the anti-leprosy chaulmoogra oil, chaulinoogric acid, in which, however, the ring is terminal to a long chain. Hetero-auxin, however, as isolated from yeast, is a substance added to the common amino-acid tryptophane, ,-indol acetic acid. Yet according to Kogl [36], hetero-auxin is active in only half the dose of auxin itself, and produces exactly the same reaction of cell growth. So in this case the study of dosage is insufficient to carry us very far, although we have not here the difficulty which would arise if the test object contained a sufficient amount of masked auxin to give the reaction. Furthermore, hetero-auxin is not contained in the higher plants. In spite of all, however, the establishment of the minimal effective dose is a matter of great importance.
Until recently our suggestion that the higher fatty acids liberated the evocator in the ectoderm by a generalized injury less severe than the denaturation of its proteins was the only one possible. But this year it has been shown that testosterone, the active substance of the internal secretion of the testis, closely related to the androsterone which appears in the urine, is dependent for its action on another factor. Its full activity is only attained when it is " activated " by certain substances, among which higher fatty acids, such as elaidic, oleic, crotonic, and especially palmitic acids, are prominent. The activation seems to be unspecific, and that the phenomenon is not one of increased absorption through the intestinal wall can be demonstrated, according to Miescher, Wettstein and Tschopp [37] , by injecting the testosterone on one side of the body and the higher fatty acid on the other. The whole parallel is important for it supplies a new hint of a relationship between the fatty acids and the sterols where stimulatory substances are concerned. Sterols may be activated by higher fatty acids. There had, indeed, in earlier work, been indications of this, for Bottomley and Twort [38] believed that the hydrocarbon chrysene (parent of the carcinogens) was only cancer-producing if sensitized by oleic acid. Doubt has been thrown upon the effect, however, by later investigations (Twort and Fulton [39], Twort and Twort [40] , Barry and Cook [41] ; and Schiirch and Winterstein have shown that chrysene contains 1, 2 benzpyrene as an impurity [42] .
The Inactive Evocator Complex In what follows, we shall assume that the primary evocator is of sterol-like character, with the object of forming a plausible working hypothesis regarding the nature of the inactive or masked evocator complex. Here the discovery of Fischer and Wehmeier [29] that glycogen can be effective, gives us a clue. Could there be a protein-glycogen-evocator complex in the cells, inactive by itself, but activated by the breaking down of the bonds between the polysaccharide and the protein ?
There are many facts which point to this hypothesis. In the first place, Woerdemann [43] and other workers, using histochemical technique, believed that they could observe a marked diminution in the amount of glycogen in the cells during invagination at the blastopore lips. While the cells of the ectoderm stained deeply according to the classical methods, those which had entered to form the archenteron roof, &c. were relatively free from glycogen. On technical grounds these conclusions were criticized by Pasteels and L6onard [44] , so that it was very necessary to examine the facts by direct chemical estimation, a difficult matter successfully accomplished by Heatley [45] . Using adaptations of the extremely delicate micro-methods introduced by Rehberg [47] and Linderstr0m-Lang [46] , Heatley demonstrated that a disappearance of glycogen does take place during invagination, although there is by no means a complete loss of it. His figures are given in the diagram in Fig. 13 . In parallel work Brachet and Needham [48] found a considerable diminution (as was expected from older investigations) in the glycogen of the whole embryo during development; it falls in the case of Ranafusca from 16'7% at fertilization to 10-7% at hatching (wet weight). More important was the change in bound and free glycogen. From the work of Willstatter and Rohdewald [49] we know that glycogen exists in tissues in two forms, lyo-glycogen which is easily extractable with trichloracetic acid and boiling water, and desmoglycogen which, combined with proteins, is only to be estimated by the method of potash digestion. As will be seen from the diagram in Fig. 13 , the bound or desmoglycogen decreases from about 9% to 2i% of the total glycogen during development, including gastrulation.
There is a great deal of evidence in biochemical literature for the existence of loose complexes between proteins and polysaccharides, proteins and saponifiable or unsaponifiable lipins, and polysaccharides with lipins. Particularly apposite cases are the following: Astacin, as Kuhn, Lederer and Deutsch [50] have demonstrated, is a lipochrome related to carotin and xanthophyll, which when in loose combination with protein, forms the bluishgreen pigment of crustacean carapaces. Whenever the protein is in any way denatured, the loose complex is dissolved and the pigment is liberated in its free reddish-pink form, such as we see it in the highly coloured muscles of such fishes as the salmon (S0rensen [51] ). It is a striking experiment to grind up the green eggs of a lobster in a little water and then to add a drop or two of methyl alcohol. The colour immediately changes. This analogy is valuable because we know that the unmasking of the evocator in the egg can be done not only by boiling, but also by treating the tissue for a short time with organic solvents such as ether and alcohol. The evocator is not rapidly extracted in this way, but the proteins are denatured, and the evocator is set free, as we can prove by implantation. Another instructive analogy for this is the imnportant pigment connected with vision, visual purple. Visual purple has been shown by Wald [52] to be a complex of lipochrome with protein.
6.
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The lipochrome is closely related to vitamin A and is called retinene. It can be split off from the protein by alcohol or chloroform, or by practically any denaturing agent. Finally, the well-known combinations of sterols with proteins in blood and yeast may be mentioned (Bills [53] ).
Precisely how the liberation of the active evocator for such a protein-glycogenevocator complex (if it exists) is effected, we have as yet no idea. Essential for an understanding of this will be an accurate knowledge of the relative respiratory rates of the dorsal lip and of other regions, and particularly of the respiratory quotients. The former question has already been the subject of preliminary experiments (Brachet [54] , Waddington, Needham, and Brachet [36] ), and the latter is now under investigation (Heatley [55] ). If we knew, for example, that the R.Q. of the dorsal lip was consistently unity while that of the rest of the egg was of the order of 0-8, we should have a very valuable indication that an emphasis on carbohydrate catabolism in that part of the egg was playing a part. Utilization of glycogen for glycolysis might thus be the necessary preliminary to evocator action.
For this reason it is extremely important that the carbohydrate metabolism of embryonic life should be intensively investigated, On the basis of work with the chick embryo, it was long ago suggested that the utilization of substances as sources of energy followed a definite course during embryonic development, carbohydrate preceding protein, and protein preceding fat. In numerous cases since then, this order has been observed again and again all over the animal kingdom, in the development of grasshoppers (Boell [56] ) no less than in that of minnows (Amberson and Armstrong [57] ). Sometimes it may be obscured by other processes, such as thie surprising synthesis of fatty acids in the development of the snail (Baldwin [58] ), but there are no cases known in which there is an absence of association between carbohydrate metabolism and early development. The linlk now being made between carbohydrate metabolism and organizer phenomena may give particular significance to this fact.
That the course of carbohydrate metabolism in embryonic tissues may be not a little different from that in the adult is shown by several findings, for example, the absence of the Meyerhof cycle in ehick embryo tissue (Needham, Nowiiiski, and Dixon [59] ), or the accumulation of large proportions of carbonyl compounds such as pyruvic acid (Needham, Nowin'ski, and Cook [60] ). With regard to the former, the diminution of the glycolytic rate when we pass from anaerobic to aerobic conditions is far larger than the amount of lactate which the eilibryo can remove when it is incubated with lactate in air, although under such conditions its respiratory quotient is still unity. This proves that the difference between anaerobic and aerobic glycolytic rate (the Pasteur effect) is not cue to the resynthesis of higher carbohydrate. All such processes deserve careful study, for at any point they may throw light upon questions of morphogenetic importance. And their study need not be confined to the amphibian embryo, for we know from many investigations that organizer phenomena are universally distributedthroughout the animal kingdom. Even for mammals the evidence is conclusive. Our own main axes were all evocated once, when we were but blastocysts.
The Jlorphogenetic Hormones oj Gall-Formatio?l So far we have been considering the chemical substances which are responsible for morphogenetic effects in the embryonic development of animals. A passing reference was made to the plant hormone, auxin, but it did not enter into the main flow of the present line of thought, since its effect is primarily upon growth and not upon differentiation. The theoretical question arises here, whether the distinction between substances which affect growth and substances which affect differentiation is not a quantitative one, the processes set in motion by the latter simply being much more complicated than the former. I am inclined to think that the distinction goes much deeper than this, but bowever it may be, we can find in the plant kingdom, or rather in certain interactions between animals and plants, phenomena which must be ascribed to the action of morphogenetic hormones. The whole subject of the plant galls, as, for example, described in the monographs of Kiister [61] and of Ross and Hedicke [62] , is the best illustration of this, although up to the present the relation between these forms of "dependent differentiations" and what we now know of organizer phenomena in animals does not seem to have been pointed out. This is strange, for the connexion was recognized by embryologists at the end of the last century, e.g. in the classical papers of Herbst [63] on hiorphogenetic stimuli about 1896. A fascinating field lies open here for biochemical exploration and experimental analysis.
As everyone knows, galls arise from the abnormal development of meristematic tissues of plants as the result of a stimulus usually caused by an insect parasite.
In many cases the exciting chemical substance seems to be contained in the juice injected into the plant by the ovipositing insect at the same time as the egg; in other cases, the substance is apparently produced by the larva as soon as it hatches. But the important point for the present argument is that, although the gall is built up from the tissues of the plant, its morphological form depends upon the nature of the exciting animal. Thus the same plant attacked by different insects will produce very different galls. It is said that in some cases the morphology of the galls may be an easier method of distinguishing between closely related species of insects than the morphological characters of the adults themselves. The usual instance given of this is the American willow, Salix hUmilis, which is attacked by ten different, though closely related, species of gall-gnats (Walsh [64]). result. The currant-galls of Spathegaster (= Neuroterus) baccarutm occur both on the leaves and the flower-stalks of the oak, so that their morphology cannot be a function of the part of the plant that produces them. Finally, the same gall mby be produced by the same insect on several species of plant, for example, the saw-fly Micronematus gallicola produces its brilliant red galls on four separate species of willow, S. fragilis, alba, caprea, and cinerea. The gall of another hymenopteran, the gall-wasp, Rhodites rose on the rose-tree is illustrated in Fig. 15. All this indicates in the strongest possible manner that in the course of evolution the pursuit of the parasitic habit has involved the preparation of a great number of chemical substances by insects (and some other animals, such as nematodes, also1 which have a specific morphogenetic effect upon the tissues of the host-plant. But as yet experiments directed towards proving the truth of this view have not been very many, and their success has been only moderate. The most famous ones have been those of Beyerinck [65] who as far back as 1888 killed the eggs of sawflies by puncturing with a hot needle immediately after their inoculation into the plant by the insect. In spite of this the galls developed normally. In the case of the Cynipid galls, on the other hand, it is certain that the irritating substance is first produced when the larva hatches from the egg, and begins to feed upon the plant.
It appears that no investigator has yet succeeded in preparing a cell-free extract of any insect or its egg by any chemical method which will, when injected into the plant, give rise to the characteristic gall of the species. It is, however, equally true, if we may judge by the review of Kiister [pp. 279 ff.] that no investigator has succeeded in causing gall-formation by the application of unspecific stimuli such as the implantation of oils, acids, cantharidin, yeast, proteins, &c. The most probable conclusion is that no one has yet found the correct extraction method, and indeed the literature shows well enough that no very high level of chemical tecbnique has as yet been applied to the problem. Significant, however, is the finding of Laboulbhne [66] that the implantation of small pieces of dead larva successfully produced galls (cf. the persistence of organizer action after the death of the cells of the organizer region), although this worker made the further claim that the injection of water in which the larvwe had been washed would also provoke the characteristic gall. The technical difficulties here, it must be remembered, are ratber great, for the reactive layer is presumably the cambium, and as this is supposed to be but one cell thick, the problem of directing a sufficiently intense stimulus to the right place is not easy to solve. It may be recalled that the percentage of positive results in chemical experiments with animal evocators is never high, for very similar reasons.
Work which has a direct bearing on all this was that of Smith [67] who, in order to study the nature of the damage produced in apple leaves by the activities of capsid bugs, implanted the salivary glands of these insects beneath the surface of the leaf, and was able to produce in this way all the pathological phenomena usually caused by the presence of the insects themselves. Although these bugs (such as Plesiocoris rugicollis and Lygus pabulinus) do not form what are, properly speaking, galls, the damage they do is something of a parallel. The various organs of gall-wasps were investigated by Rossig [681, who thought he could trace the site of formation of the gall-forming substance to the Malpighian vessels, and this was confirmed later on by Triggerson [69] for the Cynipid which produces the oak hedgehog gall, Dryophanta erinacei. Lastly, the structures produced in the larch by the aphids of the Chermes group have been proved by Burdon [70] to be due to the injection of a chemical substance, which in this case is relatively unspecific, since all the species produce the same effect.
MORPHOLOGICAL ASPECTS OF METABOLIC EVENTS Cancer and the Individuation Field
In the preceding discussion, highly organized growth and differentiation have alone been considered. Unfortunately the science of medicine is only too well acquainted with circumstances in which the growth of certain types of cells has thrown off all control, and is prepared malignantly to invade the territories of peaceful tissues performing their functions in those specified stations to which they have been allotted by that League of Tissues, the body as a whole. I must confess that some time ago it was not clear to me in what way modern experimental morphology could throw light on the problem of cancer, for my thought was concentrated upon the evocator substances themselves, and of course, if one thiDg is more characteristic of them than any other, it is that they are concerned with the stimulus to a specific differentiation, and not to a general growth'. It is in this way that they differ, for example, from such an entity as the growth-promoting proteose, which, according to those expert in tissue-culture, is contained in the embryo extract added to their media. However, my colleagues converted me from this point of view.
Evocation, as already pointed out, and as Waddington says in his paper on this subject [71] , is only half the story in the action of a formative stimulus. Processes by which different parts of an otganizer induce the formation of different organs are called "individuating actions," and the organizer has a certain relation to the plan of the whole body which we may speak of as existence in an 'individuation field ". The main characteristic of an individuation field is that all tissue lying within it tends to be built up into one complete embryo, and in any one part of the field all tissue tends to be built up into the organ corresponding to that part. These parts of the field are sometimes called are-as or districts (e.g. the fore-limb area) and they are, as far as we can see, the controlling forces from which the cancerous growth has escaped. Reference may be made here to a recent critical and detailed account of the individuation field [9] .
It is clear that a great deal will depend on the extent to which the individuation 1 Fischer-Wasels [72] iiberhaupt nicht vorhanden. Hemmungslos wird auch das Wachstum der Embryonalzellen in der Kultur erst, wenn dauernd Embryonalextrakt zugefuhrt wird " (p. 1388). Ill these lectures the many speculations (such as may be found in the pages of Williams [73] ) on the origin of cancer from " embryonic cell-rests ", &c., &c. have not been considered. Fischer-Wasels discusses them at length, and the recent progress along biochemical lines has deprived them of much of their interest. field (the assumption of which is indisp3nsable in embryology) persists into the adult condition. We may suggest that power of regeneration is a suitable measure of this.
If so, the mammalian individuation field has been wholly lost during development.
Nevertheless there are organisms which possess remarkable powers of regeneration in the adult state, such as the newts, on which so much experim'ental work has been done (cf. the monograph of Weiss [74] ). In the adult newt, the leg area is still so potent that it can mould into a limb any mass of competent tissue either grafted into it or formed on it as a regeneration bud. We are led at once to ask whether there is any difference in susceptibility to cancer between urodeles (newts) which can regenerate lost limbs and tails so well, and anura (frogs) which have no such capacity. Unfortunately, it seems that nobody knows. It was hoped that the note of Waddington [71] , already referred to, would provoke a reply from some fardistant expert, but there was no reply. Cramer [751, in his review on cancer in animals, points out that the relatively short lives of many animals may preclude the clear appearance of many tumours which may have made a beginning. It may perhaps be of significance that a search through the literature on amphibian cancer gives far more cases of neoplasmic growth reported for reptiles and anurans than for urodeles. As the data have not so far been assembled, a list (as complete as possible) is given in Table I . The cases are unfortunately too few in number to allow of anv reliable statistical conclusions; for example, one must remember that for many years past, the frog has been a much more common laboratory animal than the newt. In illustration of the table I give two pictures, the first, from Eberth's classical paper of 1868 [1481, shows the external appearance of a frog suffering from multiple nodular adenomata of the skin (fig. 16 ); the second shows a crosssection of Murray's carcinomatous newt ( fig. 17 ) [151] . It the ectodermal tissues are alone affected, and that there is no infiltration of the underlying muscle.
Quite recently Luck6 [76] has published a preliminary report of the fairly common occurrence of carcinoma in the leopard frogs of New England (Rana pipiens).
The kidneys of some 2% of the population show non-encapsulated adenocarcinomata infiltrating and destroying the surrounding renal tissue, and attaining often a size so large as to cause much displacement of the abdominal viscera. Metastases are rare, and inclusion-bodies were observed.
It is obvious that opportunities for experimental attack along these lines are inviting and numerous. If amphibian cancerous tissue which could be transplanted on to newt tissues could be found, it would be possible to see whether such wildly growing material could be mastered by the individuation-field controlling a limbarea. If so, it should be organized into a normal limb. Inquiry could also be made into the degree of competence still possessed by such cancerous tissue. By subjecting it in vitro to the action either of a living organizer or of evocator substances, its potentialities could be revealed. The influence of carcinogenic agents on regeneration is also an obvious direction of study. Here experiments have so far been negative; thus Martella [77] painted tar upon the skin of the newt Molge near the tail without any effect, Tokin [78] found no influence of the synthetic carcinogenic hydrocarbons which he tried on the regeneration of Hydra, and Slizyn'ski [79] obtained equally negative results when painting tar on Drosophila. Our expectations here are not very well defined, but one might picture that if the powerful growth stimulus of a carcinogenic substance acted within a powerful individuation field, the structures produced would show some sort of harmoniously regulated differentiation.
The review of Dodds [26] already mentioned and the discussion opened by Murray [80] give full details of the chemistry of those compounds so far found to be carcinogenic. We have become accustomed in the last few years to think of the essential structure as that of condensed polycyclic compounds, such as the 1, 2, 5, 6, dibenzanthracene shown in Fig. 18 , and we have fully appreciated the fact that such a constitution allies them to some extent with the sterols present in every cell, such as cholesterol (also shown in fig. 18 ). But the literature now contains claims that substances rather further removed in chemical constitution qlso possess the power of producing cancerous growth when painted on the skin of mammals.
OCT.-PATH. 3 * Thus Morton, Clapp, and Branch [81] have obtained positive results both with symmetrical triphenyl benzene and with tetraphenylmethane (pictured in fig. 18) . These are open, not condensed, ring systems. Similarly, Browning, Gulbranson and Niven [82] have found that a dye known as styryl blue (the complicated formula for which is shown in the accompanying figure) is also a carcinogenic agent, of no small intensity. This substance contains one heterocyclic ring as well as three hexatomic carbon rings separated from one another.
The position is thus becoming more complicated, and it is perhaps permissible to draw an analogy between this new alignment and the state of affairs with regard to the organizer. We may make the theoretical point that just as the competent ectoderm certainly contains the evocator in masked form, so the potentially cancerous tissue contains within itself probably many sterols and bile acids which, by chemical transformations, may be made into carcinogenic substances. That this is so had from the beginning been envisaged as probable, and received special supportfrom the achievement of Cook [83] in synthesizing from a commonly occurring bile acid, deoxycholic acid, the highly carcinogenic substance, methylcholanthrene. The steps in this chain are shown in Fig. 18 . We cannot therefore be certain, when we apply a chemical stimulus to the epidermal cells, that we are not causing carcinogenesis indirectly rather than directly, by stimulating the tissue to make its own carcinogenic agent. It may be urged that this difficulty is less serious in the case of cancer production than in the case of neural tube formation, since the transformation of a bile acid into a carcinogenic agent must be thought of as a long process involving probably several enzyme actions, whereas the liberation of the evocator from its inactive complex precursor takes place more easily. This may be so, but the logical parallel must be borne in mind. There are always three factors to consider, the response, the applied stimulus, and the potential self-contained stimulus. The Relation Between Carcinogens and Evocators I now propose to bring forward one or two interesting lines of evidence in favour of the view that close relations may exist between evocators and carcinogenic agents by way of the metabolism of the sterols. The first is the suggestive series of researches of Witschi [84] . Briefly, the facts are as follows: if frog's eggs are kept for various lengths of time before being fertilized with sperm, those which are kept a short time are abnormal in their sex-determining mechanism and give an abnormal sex-ratio. Under the best conditions nearly 90% males may be produced, and similar effects are known in fish development from the work of Mrsic [85] , Huxley [86] , and others. Those eggs which are kept longer produce many double monsters, indicating a disturbance in the normal processes of production or liberation of the evocator. Those which are kept longer still produce teratomatous proliferations whose malignant nature was tested by the formation of metastases on transplantation to older larvae. Now since we know that the principal sex hormones belong to the group of sterols, since we have very strong evidence that the first-grade evocators also belong to this group, and since we can be fairly certain that carcinogenic agents have a related ring-structure, the whole series of effects could be explained on a unitary hypothesis, namely that over-ripeness involves a progressive disturbance of the metabolism of the sterols.
Let us look a little more closely at the malformations which follow medium over-ripeness. The simplest were duplicated forms, as shown in Fig. 19 , and in these 1. no doubt the neural tubes were joined. Such cases may arise from an obstacle in the way of the cell-streams during gastrulation, and cannot be certainly regarded as the work of accessory organizers. But as the other drawings in the figure show, many cases were obtained in which secondary embryos grew out of the flank or the belly, giving an exterior appearance very similar to that of induced embryos caused by transplantation of organizer material or of active evocator substances. In a later paper Witschi tells us that in a late-fertilized embryo there may be seen, at gastrulation, the formation of multiple blastopores. At least two breakdowns of the normal correlating mechanism can be identified. First, the inhibitory functions of the individuation field, which normally bring it about that the blastopore appears at one point and one point only of the egg's surface, have failed to become effective, so that several abortive invaginations begin. Secondly, the metabolic processes in the embryo, which normally lead to the liberation of the evocator only in one region (the dorsal lip of the blastopore) have got out of control and proceed to liberate it in all sorts of improper places, such as the lateral and ventral regions. Over-ripeness acts, therefore, like heat or an organic solvent, in liberating the evocator indiscriminately. In many of Witschi's cases the secondary neural tubes and notochords are quite separated from those of the "host ", proving that accessory organizers have been involved.
But suppose that the over-ripeness has proceeded still further. According to Witschi's description the ectoderm becomes much thickened, consisting of large cuboidal cells, and " often by a wild growth, gives rise to epitheliomata". The neural tube may be completely missing and in its place there may only be a mass of incompletely neuralized cells. If the brain is formed at all, there may be disturbances of second-grade induction, so that a malformed optic cup growing out may cause no lens formation in the skin. Large tumour-like masses appear in the endoderm, and the separation of mesoderm into notochord and somites may not even be attempted. Early death ensues.
Could these very interesting tissues be kept alive by transplantation into normal animals? Witschi found that they could, and that in many cases, they grew by infiltrating the reticular system, coming to resemble in appearance the malignant melanosarcoma of man. Then in a just metamorphosed frog which had carried a strongly growing implant for twenty-two days, a metastatic nodule was found in the connective tissue. The nodule and some other tissues were then transplanted to another frog, which some weeks later developed a large tumour on the peritoneum which was penetrating the bladder and destroying it. Further metastases were found in the liver. In this way, the embryonic tissue, by reason of its clearly acquired malignancy, had lived ninety-two days instead of the fourteen or so which it would have survived had it been left in its original isolation.
Three stages would exist, then, in the disturbance of embryonic sterol metabolism by over-ripeness, (1) deviations in the sex-hormones, (2) uncontrolled liberation of the evocator, (3) production of a carcinogenic agent.
It is unfortunate that no photographs of Witschi's epitheliomata have been published, but it is of interest that during the investigation of evocator action by chemical methods, similar conditions were observed (Needham, Waddington, and Needham [7] ). In the study of the controls, by implantation of pure neutral fats, proteins, and animal and plant sterols, it was seen that whereas the implantation of triglycerides produces absolutely no reaction in the ectoderm (fig. 20) , the implantation of triglycerides mixed with small amounts of sterols, such as cholesterol, gave rise to swellings of a characteristic cuboidal epithelium. There is in such cases a random distribution of cells, and at the edges the cuboidal shape is not lost so that a saw-like or serrated edge is presented to the exterior. The condition is illustrated in Fig. 21 . We used to refer to these forms as "sterol bumps", and the case illustrated is by no means the most extensive of such thickenings, which sometimes attained a great size. This is certainly proliferation without differentiation. It would be of considerable interest to see whether tissue of this sort would show any malignancy when implanted into a larva or an adult frog. Other investigators have had similar experiences. In recent papers, Tur [87] , who has made a study of the " anidian" blastoderms of sauropsida, that is, blastoderms which fail to form any primitive streak or embryonic axis, speaks of " neoplasmoid " blastoderms in birds and reptiles. In these cases, the blastoderm may form an enormously thick mass of ectodermal cells, obviously incapable of normal differentiation, but situated at the centre of an otherwise normal area pellucida. The normal ectoderm would be from 15 ,u to 90 ,u in thickness; but this material had an average thickness of 180 ,tu. Tur's discussion attributes a cancerous quality to these curious formations, which require much further investigation.'
One is depicted in Fig. 22 .
A similar line of investigation, which has not been followed up much recently, was that of workers who implanted embryonic tissues into the tissues of adult animals. In some cases cancerous growths, it is claimed, have been produced by these means. There is, for instance, the long memoir of Belogolowy [89] in 1918, illustrated with drawings and photomicrographs remarkable for their obscurity. Belogolowy took morulte and blastulae of anuran amphibia and implanted them into the tissues of adult frogs, or into the body-cavity. In many cases, as would be exlected, self-differentiation followed, but quite often the " Laichball" came to lie in such a position that when a large number of cuboidal epithelial cells were formed, they penetrated the surrounding tissues by infiltration and presented the appearance of a round-celled sarcoma. A typical picture is shown in Fig. 23 . On the left is the lung, on the right the liver: both are invaded by the round or cuboidal cells, which are reminiscent of the cells already referred to which form around an implant containing sterols. Later, work of the same kind was carried out by Skubiszewski [90] on the fowl. Hashed chick embryos implanted intramuscularly or into other tissues produced, in a few cases, appearances which this author classified also as " round-celled sarcoma". One of his drawings is shown in Fig. 24 . At this lapse of time, it is perhaps difficult to appraise the meaning of such work, but although it was undertaken, no doubt, at the instigation of a theory of " cell rests " which does not interest us much to-day, it may nevertheless have resulted in the discovery of some interesting facts, and might with advantage be further pursued. Now V, blood-vessels. Od., degenerating eggs. R.c., reaction. Cl., free cells. P, parenchyma. I, cell-island.
[91], who showed that it was due to the degeneration of the oocytes which had not been shed as fertilizable eggs. The condition is shown in Fig. 25 . Later on, the worm often breaks in two at this point, and two normal individuals are formed. The cross-section of Fig. 26 shows the early stages of a tumour. The degenerating eggs have stimulated the growth of a connective-tissue which has infiltrated and already quite disorganized the left dorsal muscle. On the ventral surface a proliferation can also be seen, but much less advanced.
Evocator Control Up to the present we have been dealing with the ungoverned proliferation of cells which have in some way or other escaped from the influence of the individuation field. But evocators also (as we have already seen) may escape from this sort of control, and the problem of their normal correlation, than which nothing can be more fundamental for our knowledge of development, demands particular study.
As John Hunter said [1561 " Of monsters there are two principal classes, viz., Duplicity of Parts and Deficiency of Parts; and there is a third class, viz., Bad Formation. The first is by much the most frequent". Two subjects at once present themselves for mention in this connexion, first, the origin of Teratomata, and secondly, the part which Genes and other factors may play, or fail to play, in controlling evocators. But before taking up these subjects, it will be worth while to glance for a short time at what may be the normal appearance of accessory organizers.
In Witschi's work just referred to [841, supernumerary organizers appear and act in a clearly pathological manner, uncontrolled by the individuatiQn field. But there are cases in which supernumerary organizers appear and act in a regular and physiological way, probably because here the individuation field splits into two or more fields, like that of a common magnet when we cut it in half. I refer to the phenomena of Polyembryony, on which an attractive review by Patterson [92] appeared not long ago.
In the ordinary way, one egg gives rise to one embryo. But in polyembryony one egg may give rise to a number of embryos, even up to two thousand, if we take the case of some parasitic insects. This must ultimately be related to the fact that, as we have already seen, the destinies of the parts of the embryo are not fixed at the beginning, but only become so as development proceeds, owing to the ordered action of a series of determining agents or organizers.
The egg at the outset is said to be in a state of " totipotence ", for any one part of it can, if necessary, turn into any part of the finished product. One of the most classical experiments in the whole of biology was the Drieschian separation of blastomeres in the sea-urchin egg, which then produced two or four perfect but small finished embryos. So it must be in the normally occurring cases of polyembryony. The only complication is that apparently the exact time of splitting varies very greatly in different organisms. Thus in the earthworms there takes place a curious kind of double gastrulation so that the two gastrulae have their blastopores facing, and presently break apart. In the parasitic hymenoptera the processes are very odd and clearly highly specialized, but may roughly be described as the separation of many early blastomeres, followed by isolated differentiation. The case of the Texan nine-banded armadillo, which normally produces four identical quadruplets from a single egg, is the closest to our present discussion, for here the blastocyst, which is similar in every respect to that of other mammals, regularly develops four embryonic axes instead of one. The deduction that a highly controlled liberation of the primary evocator at four separate points instead of one takes place is too plausible to be doubted. In Fig. 27 is shown a diagram of the armadillo blastocyst illustrating this description.
In human monozygotic (" identical ") twins, a common chorion is found. This is regarded by Arey [93] as proof that the twinning process occurred subsequently to the differentiation of the ovum into an inner cell-mass and an outer trophectoderm, as it would do if there was a reduplication of the primary organizer. The only flaw in this argument is that chorionic walls may fuse over the area where they meet.
The presence of only one chorion at birth, therefore, does not absolutely disprove the view that a separation of blastomeres occurred.
What happens normally in the armadillo happens occasionally in other mammals and in birds. Assheton [157] chick blastoderm in which two quite separate embryonic areas had developed, lying head to head, while Tannreuther [159] , found two distinct embryos only united at the extreme posterior end of the primitive streak (fig. 28 ). The parallel between such a picture and that of a blastoderm in which a secondary embryo has been induced artificially by the transplantation of an organizer, is very striking (see fig. 29 , taken from Waddington and Schmidt [160] ). ,on 1608 It is interesting in connexion with evidence to be given later regarding genetical factors, that this division of the individuation field into two or more fields may be under the control of inheritable factors, since according to Davenport [94] , the production of human identical twins appears with great frequency in certain families, and may therefore be connected with a specific gene or gene-group. Against this there is the conclusion of Greulich's recent review [95] , that only dizygotic (" fraternal ") twinning in man is hereditary. But for birds, it has been shown by Byerly and Olsen [161] that the incidence of polyembryony varies according to the breed, a fact which will be difficult to explain on other than genetic lines.
The study of developmental abnormalities also indicates that the extreme type of twinning may be brought about by various influences. Without pursuing the large literature on this subject, we may refer to the paper of Harman [96] on the appearance of double notochords running parallel in chick embryos after incubation at abnormally high temperatures%in the early stages.
The Teratomata
We now come to the Teratomata. We must first of all make a distinction which is sometimes overlooked in the literature. The word 7e'para in Greek means monsters, in the sense of signs and wonders, like prodigium or portentum in Latin. It is a commonplace of embryology that terata may be produced by every conceivable kind of deviation from normal development, the causation of which is certainly very unspecific. On such deviations the monograph of Dareste [97] , though 60 years old, is still classical. But terata are not teratomata. A teratoma may be defined as a more or less malignant assembly of tissues, well differentiated histologically, but showing varying degrees of morphological differentiation, and embedded in the body of an otherwise normal, fully developed organism. The really typical character of such an assembly is its approximation to chaos; as if the tissues and morphological forms had arisen from the interplay of almost entirely unregulated forces-resulting in the state described by Schiller:
" wo rohe Krafte sinnios walten, da kann sich kein Gebild gestalten." The literature which has been written on the subject of teratomata is extremely large, and I can only indicate certain general principles derived from experimental morphology which, as it seems to me, we may apply to it. The writings of pathologists on teratomata, moreover, seem to have been marked by an unusual degree of unscientific speculation, inaccurate description and logical mistakes, as may be seen from the critical reviews of Nicholson [98] . My own acquaintance with this literature is enough to confirm the justice of his criticisms. A great deal of this, however, may perhaps be put down to the fact that for the last fifty years at least, pathologists have approached the study of teratomata wearing, if we may say so, the goggles of an unjustifiable hypothesis about the nature of these tumours. This hypothesis is expressed in the words of Bland-Sutton [99] , who, defining teratomata, says, " A teratoma is an irregular conglomerate mass containing the tissues and fragments of viscera belonging to a suppressed fcetus attached to an otherwise normal individual ". As the result of this basic misconception-, chaotic and truly innominate structures have been given the names of nipples, limbs, vulva, jaws, and all manner of dignities to which they really have no claim.' And this is all the more unfortunate as in most cases the brief anatomical descriptions have not been accompanied with that thorough histological analysis which the study of serial sections alone can give.
Before going further, it would be as well to make the discussion more concrete by giving a few examples of the kind of phenomenon we are considering. First of all, as is generally known, the morphological forms attained by teratomata may be very complete. Fig. 30 shows an ovarian dermoid teratoma. According to Bland-Sutton's description [103] , it was removed from a single woman, 26 years of age. It was the size of a coconut and contained a mixture of grease and hair. At the lower pole of the tumour there was a patch of reddish epidermis covered with reddish hair, and out of which appeared two teeth, an incisor and a bicuspid, fully erupted. Underneath this skin was a mass of nerve-tissue. The large size of such cysts is supposed to be due to the pressure of the sweat and grease secreted over a Long period of time, and the growth of the hair.
The same chaotic mixture of tissues occurs in a case described by Willis [104] , who gives the instructive cross-section shown in Fig. 31 . This is the section of an eminence which projected into an ovarian dermoid cyst about the same size as that just described. The tumour originated from a single woman aged 38. It can be seen that the eminence contained bone, central nervous tissue, ganglia, nerves, and connective tissue. At one point the bone had a cap of cartilage. But in these pictures, as in all teratomata, the general character is the same, namely, a complete. absence of organization of all these tissues into a whole, or we might say, an absence of individuation.
The following case provides an opportunity for the transition to experimental embryology. Barnard [105] has described a multiple teratoma of the peritoneum in a married woman of 40, probably originating from an ovarian dermoid cyst. of tissues. There were undifferentiated cells, spindle cells arranged in groups and bands, islands of cartilage or trabeculhe of bone, squamous and columnar mucussecreting epithelium, and well-developed brain tissue. In one of the masses on the omentum a perfectly formed tooth was found. In Fig. 32 is shown a typical collocation of tissues; in one and the same section can be seen brain tissue, nerve ganglion, cartilage, and squamous epithelium.
Such a picture at once calls to the mind of the experimental morphologist the kind of chaotic distribution of tissues which is seen when for some reason the individuation field in a young embryo is thrown out of gear. It will be remembered that earlier in this discussion the suggestion was made that normal induction of the primary axis in an embryo by a living piece of organization-centre involves both evocation, the stimulus of a specific hormone-like chemical substance, and individuation, the regional differentiation of the axis so called into being. It was also hinted that in all probability a dead piece of organization-centre carries the evocator but not the individuation-field. It might therefore be expected that the implantation of a dead organizer would call forth the appearance of more chaotically arranged structures than that of a living one, always provided that the individuationfield of the host was not sufficiently strong to control and order the newly appearing differentiations. Let us therefore look at Fig. 33 which is taken from Holtfreter's work [1061 on the distribution of the evocator in the animal kingdom. Embryoextract was prepared from chick embryos as is usual in tissue culture work, coagulated by heat, and then implanted into the blastoccele cavity of a newt embryo.
Here in due course two neural tubes were induced, three separate lots of notochord tissue, several myomeres, and at least two ear-vesicles. Or consider Fig. .34 in which is shown the disorderly but impressive array of no less than five ear-vesicles induced in the ventral ectoderm of a newt embryo by the implantation of a small piece of heat-coagulated mouse liver. Surrounded by these lies the great irregular induced brain (Hloltfreter [107] ). It will, I believe, be admitted that these parallels are too striking to be illusory. They lead us directly to the basic assumption that what lies behind all the strange phenomena which we see in mammalian teratomata, is the failure of the individuation-field, at some point early in development, to control the action of organizers, or rather, evocating substances.
It is interesting that at all times there has been an intuition that teratomata Ind. Ohrbl., induced ear-vesicles. Geh., induced brain.
would not be explained until our knowledge of experimental embryology was much further advanced. Thus Benda [108] in 1895 attempted something in this direction, but at that time so many concepts subsequentlv found to be misleading (such as post-generation and universal mosaic development) were in the field, that little could be done. The notion of " formative stimuli " had, it is true, been advanced, but nothing or nearly nothing, was known about them. It seems that the credit of first realizing the application of our knowledge of organizer phenomena to teratomata, should rest with Budde [109] , who only two years after the critical experiment of Spemann and H. Mangold L5], wrote a paper along these lines in describing a case of teratoma. What he called an " abgesprengter Organisator" might have been at work.
Later on Nicholson [981, Langdon-Brown [1101, and doubtless others have realized that organizer phenomena provide the basis for a modern theory of the origin of teratomata. "What I miss", wrote Nicholson, "in the established teratoma is the co-ordinating action of the whole upon its parts; in more scientific language, evidence for the actioni at any stage of development of the dominant organizer for a body." If, then, we can only explain the occurrence of teratomata as the result of un-co-ordinated organizer action, it is none the less necessary to point out that besides the stimulus there is also the reacting tissue. In addition to the evocator, we must also take the competence into account. This very important property of response has already been referred to, and instances have been given of the way in which it appears and afterwards disappears again according to laws which are at present quite unknown to us. Obviously we have to consider two fundamentally important processes: first, the liberation of evocators of first, second, third, or lower grades at times and places where they are not normally liberated; secondly, the persistence of competence to respond to them beyond the time at which it is normally lost. We know that the primary axial organizer hormone, or evocator, is present in most adult tissues of animals in the free state. It is therefore likely that the second of these factors, the persistence of competence, may be more important for the formation of teratomata than the first, the improper liberation of evocators. At present it is quite impossible to say which of the two factors is the more important. But it is evident that from them, by all sorts of combinations and permutations, everything that we know of under the name of the teratomata may be produced.
There remains for consideration the reasons for which in some cases a teratomna manifests mnalignancy. As Willis [111] and Nicholson [98] point out, the majority of teratoruata are benign rather than malignant. Ovarian ones are generally benign while those of the testis are almost always frankly nmalignant, " seldom failing to yield metastases and to kill their hosts". It is noted that when a benign ovarian tumour becomes malignant, the change affects only one component, such as the epidermis, so that a squamous-celled carcinoma quite similar to any epidermal carcinoma is produced. In the testis, on the other hand, the malignancy of the teratoma is a property of the whole growth, so that metastases frequently exhibit two or more components of the primary growth. Occasionally, as appears from one of Willis' cases, one component of an otherwise relatively quiescent teratoma of the testis " assumes disproportionate powers of proliferation " and invades the remainder as a mnalignant neoplasm. There can be no doubt that the terms " benign" and "malignant " are but relative, and that there may be grades of malignancy depending ultimately on the inherent growth-energy of the various components; thus in another of Willis' cases the neuro-epithelial tissue appeared to be growing more rapidly than the glandular portion, while that in turn was out-stripping the cartilaginous material.
In all this we can dimly see the highly complicated operation of many stimulatory substances. Since prediction is an important element in the scientific method, I am prepared to go on record, as our American friends say, for the view that all further progress in unravelling these phenomena will depend on our knowledge of the biochemistry of the sterols. We have already seen that it is highly probable that the primary organizer of axial structures in the embryo is a sterol, that induction can be performed by synthetic hydrocarbons allied to the sterols, that similar hydrocarbons are powerfully carcinogenic, that it is extremely likely that carcinogenic substances are produced in the body by deviations in sterol metabolism, and, in short, that the wild growth of malignant tissues, as well as the highly organized differentiation of structures in early embryonic development, depend on sterol metabolism for their controlling "hormones." In addition, we know that there is a relation between the carcinogenic substances and the sex-hormones, so that we can set side by side with this the relatively high frequency of teratomata in the mammalian ovary and testis. The day should come when from a knowledge of the transformation of the cyclo-penteno-phenanthrene ring in a given instance, together with an understanding of what is really meant by the term "competence ", we should be able to predict just what tissues and morphological forms should arise in a teratoma, what parts of it should be malignant, and how malignant they should be.
The denial that the teratoma is a distorted foetus may be underlined a little further by reference to the fact that, as Budde L109], Nicholson [98] and Willis [111] have pointed out, no teratoma has ever been found to show signs of axiation or metameric segmentation. Chordal tissue has never been proved to exist in a teratoma. In general the picture is, as has already been said, one of chaotic tissueformation implying the presence of all sorts of morphogenetic stimuli except the individuation field and its governance of regional differentiation. This is expressed by Willis when he says that teratomata possess no "true somatic regions", i.e. masses of nervous tissue but no brain, masses of bone but no bones, renal tissue but no kidney. The condition, indeed, is even more chaotic than that produced by implanting a dead organizer into a newt embryo, as in Holtfreter's experiments. " We do not accept ", says Nicholson," foetiformity in a single object " among those teratomata which have been thought by their discoverers to include limbs or vertebral columns. The multiplicity of certain constituents in teratomata is also significant. Willis [104] enumerates cases in which many separate "nervous systems" were present, and cases with dozens of separate "tonsils" in dozens of separate little patches of "pharynx ". Specimens of teratomata containing thousands of respiratory or alimentary cysts have been described, and the number of teeth may much exceed those normally contained in one adult body. We are reminded of the numerous ear-vesicles of Fig. 34 . The only possible conclusion is that either the appropriate evocator has been liberated in a large number of places, or that competence has appeared or been retained in a sporadic chaotic way.
One interesting point which arises here is that just as the muscles and glands of an induced embryo in the amphibia, or of an un-co-ordinated mixture of tissues induced by a dead organizer, become functional if the host lives long enough, so the tissues of a teratoma may also be functional. Teratomatous sweat-glands, choroid plexus, hwmopoietic red marrow, all actively secrete and perform their normal functions. Teratomatous muscle contracts. Particularly significant in connexion with the remarks just made on sterol chemistry, is the fact that patients with testicular and other malignant teratomata often develop a strongly positive Zondek-Aschheim reaction (Willis [111] , Crew [112], Freed and Coppock [162] ), which suggests that the teratomatous tissue may be producing condensed ring compounds similar to cestrone.
Finally, Willis and Nicholson have studied what they call tissue correlations in teratomata.
These influences of one tissue upon another are also profoundly important in normal development. As an example the normal form of the neural tube may be taken, for here not only histological structure but also morphological structure is affected. In the course.of his long series of experiments with explants and implants in amphibian embryos, Holtfreter [116] found that the form of the neural tube OCT.-PATH. 4 * varied greatly according to the tissues which lay adjacent to it. Fig. 35 shows diagrammatically his results. If you isolate a piece of neural plate which has already suffered the determining influence of the organizer and cultivate it in isolation, it will of course develop into nervous tissue. But it will have none of the " modelling influence of neighbouring structures" and it will form a ball with the nerve-cells mostly on the exterior. If, on the other hand, the nervous tissue develops within a mass of mesenchyme, it takes the regular form shown in Fig. 35 with centrifugal instead of centripetal fibres. If the tube is induced by chordal tissue alone, it may not close, and if it is induced by muscle tissue alone, its lumen will be very abnormally placed. The last picture shows a normal neural tube, surrounded by chorda and mesenchyme. All this goes to show that the interactions of tissues are many and delicate. In teratomata it would be expected that such interactions would appear, and so they do. Almost all the smooth muscle in teratomata is clearly associated with glandular cavities. The impression is given that the development of the muscle about the gland elements is determined by the presence of the epithelium. Or again, there is a significant correlation between islands of cartilage with areas of differentiating nervous tissue. We know from the work of Filatow [113] , Luther [114] , and Guareschi [115] , that in the amphibia the cartilaginous auditory capsule fails to appear if the ear-vesicle has previously been extirpated. Conversely, a grafted ear-vesicle will produce a cartilaginous capsule around it. A similar influence seems to be at work in the teratomata. And stimuli of this kind are undoubtedly involved in all the other processes, tooth formation, origin of meninges, &c.
One class of teratomata can be explained in a particularly straightforwara way from what we know of experimental embryology: I refer to the sacro-coccygeal tumours known as sacral parasites or sacral teratomata. A drawing taken from Schwalbe, is shown in Fig. 37 . Holtfreter [117] has pointed out that like all the varieties of spina bifida, this condition can be almost certainly referred back to an abnormality of gastrulation. If an amphibian egg, deprived of its vitelline membrane, is placed in a salt solution of osmotic pressure slightly higher than normal, it will exo-gastrulate, that is to say, instead of the cells moving in at the blastopore as they should, they will move outwards and away from the ectoderm, so that if the exo-gastrulation is complete, the ectoderm and endo-mesod6rm become completely is formed in the ectoderm depends exactly upon how much it is underlain by the endo-mesoderm (see fig. 1 ), and if none of this underlying takes place at all, no neural material will ever be formed. Now if we compare a mammalian sacral teratoma ( fig. 37 ) with the partial exo-gastrulation of Fig. 36 we see that there is a thoroughgoing parallel, for in both cases there is an appendage attached in the neighbourhood of the anus, containing a variety of tissues. The only important difference is that human sacral teratomata often contain epidermis and neural tissue. This may be explained by the differences between the process of gastrulation in mammalian embryos and that in the embryos of amphibia. The contact of endomesoderm with ectoderm is all that is necessary to produce these neural differentiations. For instance, if a piece of competent ectoderm be placed upon the evaginated part of a completely exo-gastrulated newt embryo, the evocator will spread to it and induce nerve-tissue and mesenchyme in it. Lastly, it may be noted that sacral teratomata are very often combined with spina bifida.
As for the causation of exo-gastrule, it would appear to be very unspecific. Herbst [119] long ago was able to produce exo-gastrulhe in sea-urchin embryos by such diverse agents as lithium salts and sodium butyrate, and recently Motomura [1201 could obtain them by the action of auxin, glycogen, and potassium chlorate. Holtfreter's method in the case of amphibian eggs consists of removing them from their membrane in the middle blastula stage, and then leaving them in a weak bicarbonate-Ringer solution (equivalent to 035°% sodium chloride) instead of in tap-water. This abnormally high osmotic pressure brings the effect about. At present it is quite impossible to say what conditions may exist in man favouring abnormal gastrulation.
Suppr-ession of Evocators In pursuing the general theme of the factors which affect the action of evocators, and the way in which this action is normally controlleda subject which is so large that it will include about half the embryology of the future-we can only glance at a few interesting cases, pointers showing the way to coming syntheses of experience. First of all let us consider the actual suppression of evocator action. This will be a refreshing change from the macabre ballet of irresponsible evocators and competent tissues exhibited in the teratoma.
Among external factors, vitamin A may be chosen. Recent researches have demonstrated that it is a lipochrome allied to carotin, astacin, and the retinene of the eye; and its structure is that of a long carbon chain, containing four unsaturated linkages, and ending in a hexatomic ring with one double bond. Information is now beginning to come through that this vitamin is connected in some way or other with the formation of organs in embryonic development. Thus it seems that in the absence of sufficient vitamin A from the diet of some mammals during gestation there may be a complete failure to form the optic cup, and hence no induction of lens from the adjacent ectoderm. In 1932 at the Texas State Agricultural Experiment Station a Duroc-Jersey gilt receiving a ration deficient in vitamin A farrowed eleven pigs, all of which were completely devoid of eye-balls. Hale [121] , who reported the case, calculated that the chance of such a result being due to inheritance was exceedingly small, and he was subsequently able to repeat the result with other gilts and sows by placing them on a ration containing insufficient amounts of the vitamin. Fig. 38 shows one of the pigs born with complete absence of the optic cup. Such pigs as had optic cups suffered from defects of vision, including total blindness. In view of the fact that vitamin A is, as already stated, closely related chemically to the lipochrome constituent of visual purple, the experiments have additional interest.
" Eyeless " rabbits are often ascribed to Guyer and Smith [122] , but their work only involved certain apparently inherited defects such as opacity of the lens. In Drosophila, of course, there is a well-known recessive gene for " eyeless".
Lack of vitamin A has also been shown to be responsible for a disturbance in the mechanism of normal limb-bud formation. In 1921 Zilva, Golding, Drummond and Coward [123] found that on an A-deficient diet some of their sows produced little pigs in which the limbs were completely missing. Fig. 39 shows a pig in which the hind-limbs are represented by nothing but minute stringy appendages.
Thus far we have only mentioned cases where the action of second or third grade organizers seems to be interfered with. But there is evidence in the literature that the primary organizer may also be suppressed. It has long been known thaL in the sauropsida, there are occasionally found blastoderms where an active proliferation of cells is going on but no trace of axiation appears. Primitive streak and neural groove never form. These blastoderms have long been called "Anidian" (Grodzinski [124] ). It is certain that in these cases there has been a failure either of the formation or the liberation of the primary evocator. The natural cause of this is unknown, but Edwards [125] was able to obtain a large.number by incubating hens' eggs at subnormal temperatures. The work of Tur [87] , already referred to, on the ectodermal thickenlings of early blastoderms, is interesting in this connexion, for they also never develop an embryonic axis.
Perhaps more interesting still is the recent work of Diirken [126] , who describes cases of invagination without induction in the amphibian egg, if the dorsal lip of the blastopore is irradiated with ultra-violet light early in gastrulation. Here the normal cell-streams are proceeding uninterruptedly, but the evocation which the archenteron roof normally performs on the overlying ectoderm is eliminated. In his discussion Diirken envisages only the actual destruction of the evocator hormone, a possibility likely enough when the sensitivity of some sterols, such as ergosterol, to ultra-violet light, is remembered. But the radiation may also be thought of as inhibiting the liberation process which was earlier discussed. If our hypothesis that a. protein-glycogen-organizer complex exists is true, the effect of ultra-violet light upon amylases may be involved. A formal analogy to such an inhibition of liberation is seen in the work of van d. Laan [127] upon auxin, the formation of which from its precursors by enzyme action is inhibited by the action of ethylene.
Further instances of the effect of a definite external influence in suppressing organizer action may be taken from the interesting experiments of Lehmann. Lehmann has discovered a number of specific inhibitions of morphogenesis produced by artificial agents which leave all the surrounding tissues unaffected. The theoretical basis for such work lies in the conviction that not all the tissues or organs of the body are passing through their maximal growth-rate points or the most difficult moments of their form-development at one and the same time. There exist " critical points " (Stockard [128] , Needham [129] ) for each structure. Thus Lehmann [130] found that trichlorbutyl alcohol (the same narcotic which has no effect on the action of the first-grade evocator) can abolish specifically the second-grade evocation of the lens by the optic cup. Fig. 40 shows three of the results he obtained; on the left an embryo maintained in a strong concentration of the narcotic, in the middle an embryo maintained in a weaker concentration of it, and on the right a control embryo. It will be seen that the lens is entirely suppressed on the left, abnormally small in the middle, and normal on the right. Between the size of the lens induced and the concentration of the narcotic there goes a far-reaching parallelism. Equally remarkable was Lehmann's finding [131] that by suitable concentrations of lithium salts, embryos could be produced completely lacking notochords. Fig. 41 illustrates one of these. Above is the normal cross-section, showing the somites on each side of the notochord and the neural tube above it; below is one of the chordless embryos. All the surrounding morphological and histological differentiation looks remarkably normal. It must, of course, be remembered that the notochord is normally determined in the very same tissue in which the evocator is liberated, namely the invaginated mesoderm, but if evocation is eliminated, as in the ultra-violet irradiation experiments, the formation of the notochord is eliminated too. Anatomical and genetical literature is full of cases in which the stimulus for the development of a certain structure has failed; the paper of Dankmeijer [132] , who describes the congenital complete absence of the tibia in man, may be mentioned among others. Evocators and Genes In conclusion, something must be said of the relation between the control of evocators and the genetic constitution of the organism. To embark on the shortest consideration of such a subject is exceedingly bold, since the whole relation between genetics and embryology is at issue. But a short mention of it will round off the general thesis of this paper.
There is no doubt that the problem of genes and evocators carries us far into the unsolved problems of biology, for although we know very well that the individual characters of organisms, such as colour and minor variations of morphological form, are under strict genetic control mediated through the chromosomal mechanism, we cannot be quite so sure about the great differences between genera and species, since widely different organisms are not fertile together and we cannot study the effects of crossing. We may, for instance, know that a gene is concerned with colour of the liver; we cannot be so dogmatic that genes alone decide whether an animal shall have a liver or a hepato-pancreas. And what evocators and the individuation field are concerned with are just these fundamental structures, the embryonic axis, segmentation, the anatomy of the limbs, &c.
But that some kind of genetic control of evocators exists, as would follow from the great theoretical picture of Goldschmidt [133] , is certain enough. One need only refer to the results of genetic abnormalities. Thus Snell, Bodemann and Hollander [134] and Snell and Picken [135] report abnormalities of development of the neural tube, especially at its anterior end, caused by chromosome unbalance.
If male mice are X-rayed (600 R6ntgen units) and then mated, a high percentage of the embryos resulting show a failure of the neural tube to close properly at the region of the brain. Fig. 42 shows an affected embryo side by side with a normal one. The diencephalon, mesencephalon and metencephalon usually all remain open. The effect is believed to be due to the segregation of an X-rav-induced translocation, It reminds us that our knowledge of the normal way the neural tube is formed is still very scanty, few workers having followed the interesting lead given by Glaser [136] in this direction.
How exactly the chromosomes enter into the story with which this paper deals
is not yet clear, but they are certainly involved. Jones [137] has drawn attsntion to the abnormalities of plant and animal development which may be shown to be connected with genic abnormality. It is interesting in connexion with the discussion of galls given above, that Kostoff and Kendall [138] have demonstrated irregular chromosome behaviour in galls produced by insects. Thus certain varieties of apples are characterized by well-marked mole-like projections on the surface of the ripe fruit, due to the egg-laying of the plum curculio (Conotrachellus nenuphar). The abnormal tissue, an unregulated mass of cells, is definitely different from the fruit tissue, because the scab fungus, for instance, will spread up to the margin of the galls but no further. Some varieties of apple respond to the insect's stimulus (are competent") but others do not, and this tendency is transmitted to some of the seedlings.
It has long been known that X-rays, radium, ultra-violet light, heat, and other physical agents produce chromosomal irregularities. But in addition to these, nondisjunction of chromosomes has been obtained (e.g. by Mottram [139] ). as an effect of treatment with the dye gentian violet, with tar, or with the dibenzanthracene derivatives, which we have already mentioned as being related both to the sterols, and to the evocator. The whole system of relationships is far too complicated for us to be able as yet to see clearly how the causal nexuses run within it, but at many points we come across new clues which we cannot help feeling are significant. 
SUMMARY
The fundamental theme of this paper is the relation of chemical to morphological concepts. Morphology and chemistry can be unified in at least two obviousi ways, first by the study of the polymeric and colloidal borderline between the lIargest chemical molecules and the smallest morphological forms; secondly, by the study of the highly active stimulatory substances which function in morphogenesis itself. Taking the second of these two ways, some of the most important concepts in experimental embryology, without which the chemical analysis of development cannot proceed, were discussed. It was then easy to pass from the description of Evocation to the chemistry of the primary evocator. Masked as it is in the non-inducing parts of the embryo, this substance must not only be correctly formed from its precursors but it must also be liberated correctly from inactive combination. This shows how intimately normal morphogenesis is linked with normal metabolism.
Then with a leap, startling perhaps for its distance, but justified by its logic, the morphogenetic hormones which bring about gall-formation in plants were brought into the discussion. An immense field lies o-pen there for the rationalizing influence of biochemistry in elucidating the structure and relationships of the -cecidogens ".
An account of the second factor in induction, namely Individuation, was then given, and the growth of neoplasms envisaged in the light of their escape from the influence of that adult individuation field which we believe manifests itself in such phenomena as limb and tail regeneration. From this point of view there should be a difference between the incidence of cancer in regenerating and non-regenerating classes of vertebrates, but it is not yet possible to decide whether or not this is so. The significance of the chemical relationships between the carcinogens, the cestrogens, the sterols, and the evocator was then emphasized, and some biological phenomena which would be easily accounted for if the living cell could (as we must believe it can) transform some of these types into others, were described.
Lastly, the far-reaching problem of Evocator Control was discussed at some length. Appearance of supernumerary evocators may be a normal process, as in some sorts of polyembryony, or it may be a pathological process. If the first-grade organizer is concerned, the result will be a complicated monster; if second and third-grade organizers are concerned, the result will present itself to the morbid anatomist as a Teratoma. In this latter case we have also to consider the persistence of competence in cells where it slhould have disappeared, but it is clear that the possible permutations and combinations of irresponsible organizers and perverselv competent tissues will provide everything that is contained in the literature on teratomata; the "foetiformi" theory notwithstanding.
The converse of too many evocators is not enough, and indeed we know of conditions in which there is a suppression of induction. This may be of the first or of any subsequent grade. It may be due to nutritive factors, suich as avitaminosis A, or to artificial irradiation, or to the action of specific substances. Its value to the biologist as a means of analysing the action of one part upon another part in development can hardly be overestimated.
The picture was completed by a short reference to the part played by genes in the control of evocators. Here there is somewhat more obscurity than in the rest of the field, but the fact that genes are affected by carcinogens, and that they clearly show abnormalities running parallel with morphogenetic abnormalities, makes it. impossible to maintain that they are not involved in the story. What is known about the inheritance of cancer-susceptibility would alone suffice to bring them prominently into it.
The value of the study of morphogenetic stimuli lies in the fact that the invisible chemical variables and the visible morphological variables are being investigated side by side. Without in any way denying that the morphological level is subject to complicated laws of its own, which may be stated without explicit reference to physico-chemical processes, we cannot but admit that the morphological changes are the outward and visible signs of what is going on in the inward and chemical places. 
